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(54) Hydraulic shock absorber

(57) A hydraulic shock absorber composed of a pis-
ton (4) which is slidably installed inside a cylinder (2),
said piston having a plurality of oil holes (14,15), a valve
means on the compression-side (16) and a valve means
on the extension-side (17) at least one thereof including
a valve plate, wherein a valve plate urging means (19) is
provided urging said valve plate (17a,17b) towards a
closing position, said urging means being construed so
as to apply an urging force acting on said valve plate
inside an imaginary circumcircle around said oil holes
(15).
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Description

The present invention relates to a hydraulic shock
absorber composed of a piston which is slidably
installed inside a cylinder, said piston having a plurality
of oil holes, a valve means on the compression-side and
a valve means on the extension-side at least one
thereof including a valve plate.

Hydraulic shock absorbers are known to the art
which are composed of a piston having a plurality of oil
holes being slidably inserted into an oil-filled cylinder,
wherein the respective valves on the compression-side
and the valve on the extension-side that open and close
said oil holes consist of a stack of a plurality of valve
plates. In hydraulic shock absorbers for vehicles, for
example, the piston that follows the bumps and depres-
sions in the road, slides inside the cylinder to generate
oil flows that push open the compression-side valve or
the extension-side valve to generate attenuating forces
which absorb and dampen the shocks from the road
surface, thereby contributing to improved riding comfort
of the vehicle.

Line B in Figure 5 shows the attenuating force char-
acteristics of such a hydraulic shock absorber; the
attenuating force F increases approximately linearly
with respect to increases in the piston speed V.

However, there are cases where a high attenuating
force is required when the piston speed is in the short
stroke range, and this requirement was met by the
structure of the prior art shown in Figure 6.

To wit, Figure 6 shows an enlarged sectional view
of the valve 117 on the extension-side of a conventional
shock absorber. In the Figure, 104 is the piston which is
affixed to the lower end of the rod 103, and said piston
104 has been slidably inserted into a cylinder that is not
shown. Qil hole 115 has been bored into the piston, and
said oil hole 115 is opened and closed on the bottom
end opening near the extension-side valve 117. There is
also a smaller diameter orifice 118 that is formed in the
piston 104 that opens into the oil hole 115.

A stack of a plurality of valve plates 117a - 117e
comprises the foregoing extension-side valve 117, and
a shim 119 lies between adjacent valve plates 117a and
117h.

Then, because the ring-shaped shim 119 of this
extension-side valve 117 bends and deforms the valve
plates 117b - 117e that lie beneath it, as shown in the
Figure, a specifically set load (preload) from the reac-
tion force produced by this bending deformation of the
valve plates 117b-117e is applied to the valve plate
117a, and said reaction force tends to keep said plate
117ain close contact with the bottom surface of the pis-
ton 104. Accordingly, when the piston 104 moves
upward with respect to Figure 6 in its expansion stroke,
there is a high level of oil pressure when the valve 117
begins to open. As is shown in Figure 5, keeping the
extension-side valve 117 closed until the piston speed V
reaches a certain value of Vj causes the oil to flow only
through the small diameter orifice 118 until that time,
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thereby generating a high attenuating force as shown by
the line C; in Figure 5. Then, when the piston speed V
exceeds the given value of Vy, the extension-side valve
117 opens to allow a large quantity of oil to flow through
the oil hole 115, thereby increasing the shock absorp-
tion with increasing piston speed V as shown by line C,
of the attenuating force F in Figure 5.

However, such conventional shock absorbers must
affix the ring-shaped shim 119 in the outermost area of
the circumference of the valve plates 117a, 117b,
thereby making it impossible to vary the attenuating
force characteristics to the desired level. In particular,
this structure made it impossible to adjust the attenuat-
ing force characteristics as desired when the attenuat-
ing force F changed rapidly such as at the bend at point
P on the curve (piston speed Vy when the valve 117 on
the extension-side begins opening).

The present invention deals with this problem and
has as its objective, the creation of hydraulic shock
absorbers that can provide the desired attenuating
force.

According to the present invention, this objective
has been performed by a hydraulic shock absorber as
defined in claim 1.

According to a preferred embodiment of the present
invention, there is provided a hydraulic shock absorber
composed of a piston having a plurality of oil holes
being slidably installed inside a cylinder, a valve on the
compression-side and a valve on the extension-side
consisting of a stack of a plurality of valve plates that
open and close said holes, and in addition, a ring-
shaped shim disposed between adjacent valve plates
on at least one of the valves; wherein, the outside cir-
cumferential surface of the foregoing ring-shaped shim,
when viewed from the axial direction of the piston, being
positioned inside an imaginary circumcircle around the
oil holes bored in said piston.

According to a preferred embodiment, the foregoing
ring-shaped shim being fitted to and retained by the
outer circumference of a thinner valve plate.

Because the outside circumferential surface of the
foregoing ring-shaped shim, when viewed from the axial
direction of the foregoing piston, is positioned inside an
imaginary circumcircle around the oil holes provided in
said piston, it is possible to adjust the set load on the
valve and the amount of bending deformation on the
valve plate as desired, thereby making it possible to
obtain the desired attenuating characteristics at points
on the curve where the attenuating force changes rap-
idly (at the piston speed where the valve begins open-
ing) or when one desires to change the attenuating
force.

By fitting the ring-shaped shim around a thinner
valve plate, it is possible to assure that it is concentric
with respect to the other valve plates, and in addition, it
is possible to adjust the attenuating force characteristics
by varying the thickness of the valve plate that holds
said ring-shaped shim.

The present invention will be explained below
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based upon the attached figures, which show an
embodiment of the invention, wherein:

Figure 1 is a vertical sectional view of the principal
parts of a hydraulic shock absorber according to
this invention;

Figure 2 is an enlargement of the piston area
showing the principal parts of a hydraulic shock
absorber according to this invention;

Figure 3 is an enlarged, detail figure showing the X
area of Figure 2;

Figure 4 is a figure showing the attenuation force
characteristics on the extension-side of a hydraulic
shock absorber according to this invention;

Figure 5 is an enlarged sectional view of the exten-
sion-side valve of a conventional hydraulic shock
absorber; and

Figure 6 is a figure showing the attenuation force
characteristics of a conventional hydraulic shock
absorber.

The hydraulic shock absorber 1 shown in Figure 1
is a hydraulic shock absorber for vehicles. It consists of
a rod 3 that is inserted from the top into the cylinder 2,
and a piston 4 free to slide vertically within the cylinder
3 is attached to the lower end of said rod 3 by a nut 5.
The bottom end of the cylinder 2 is attached to a wheel-
side, and the top end of the rod 3 is attached to the
frame side of a vehicle that is not shown.

Further, there is a free piston 6 beneath the piston
4 inside the foregoing cylinder 2 that can slide up and
down therein, and said free piston 6 divides the inside of
the cylinder 2 into a top oil chamber S and a bottom gas
chamber Sg. The oil chamber S is further divided by the
piston 4 into an upper chamber S1 and a lower changer
S2. The oil chamber S is filled with oil, and the gas
chamber Sg is filled with an inactive gas such as nitro-
gen. An O-ring is retained around the outside circumfer-
ence of the free piston 6.

On the other hand, the top end of the cylinder 2 is
covered by a cap 8, and installed on the inside upper
end of said cylinder 2 are: a dust seal 9, against which
slides the outside circumference of the foregoing rod 3;
a slide bushing 10 and oil seal 11 as well as a reaction-
force stopper 12 that is made of a resilient material such
as rubber. A stop plate 13 that is in contact with the fore-
going reaction-force stopper 12 and that restricts the
upward stroke of the rod 3 is installed in the middle area
of the rod 3.

Also, as is shown in detail in Figure 2, a plurality of
oil holes 14, 15 have been bored through the foregoing
piston 4, and mounted on the top and bottom surfaces
of this piston 4 are a compression-side valve 16 and an
extension-side valve 17, respectively. The one oil hole
14 is opened and closed on the top by the compression-
side valve 16, and at its bottom, it opens into the lower
chamber S2. The other oil hole 15 opens at the top into
the into the upper chamber S1, and is opened and
closed at its bottom by the extension-side valve 17.
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When said hydraulic shock absorber 1 is not operating,
the compression-side valve 16 as well as the extension-
side valve 17 remain closed, respectively, as is shown in
Figure 2. A small diameter orifice 18 is formed in the pis-
ton 16 that bypasses the extension-side valve 17 and
constantly maintains a passage between the oil hole 15
and the lower chamber S2.

The foregoing compression-side valve is composed
of a plurality of stacked valve plates 16a, 16b, 16¢, and
16d which are of varying diameter. Similarly, the exten-
sion-side valve 17 is composed of a plurality of stacked
valve plates 17a, 17b, 17¢, and 17d which are of varying
diameter. However, as shown in detail in Figure 3, there
is a narrow width, ring-shaped shim 19 disposed
between the large diameter valve plate 17b and the
small diameter valve plate 17c¢. This ring-shaped shim is
retained on the outside circumference of the valve plate
17e, which is thinner than the shim 19, and the outside
circumferential surface of the shim 19, when viewed
from the axial direction of the piston, lies within an imag-
inary circumcircle around the oil holes 15.

Thus, on the extension-side valve 17, the foregoing
ring-shaped shim 19 causes the smaller diameter valve
plates 17¢, 17d to bend as shown in the Figure, and the
reaction-force force generated by this bending of the
valve plates 17¢, 17d imparts the desired set load (pre-
load) at the ring-shaped shim 19 to the other larger
diameter valve plates 17a, 17b. Only the areas of the
large diameter valve plates 17a, 17b that lie outside the
ring-shaped shim (the a area in Figure 3) do not receive
this set load, and may be freely bent.

Next, the operation of this hydraulic shock absorber
will be explained.

During the compression stroke, the rod 3 and the
piston 4 attached to it descend within the cylinder 2.
Due to the low piston speed V, the compression-side
valve 16 remains closed, and during the initial period of
the stroke, the oil in the lower chamber S2 flows through
the orifice 18 and the oil hole 15 into the upper chamber
81. The attenuating forces generated at this time effec-
tively absorb the shocks due to slight irregularities in the
road surface.

When, however, the piston speed V increases, then
the oil inside the lower chamber S2, due to the pressure
differential between the two chambers S1, S2, pushes
open the compression-side valve 16, thereby creating
an additional oil flow into the upper chamber S1 through
the oil hole 14. At this time, the fluidity loss (energy loss)
of the oil generates the required attenuating forces to
allow the wheel to absorb and dampen the shock it
receives from the road surface, thereby contributing to
the improved ride of the vehicle. During this compres-
sion stroke, the gas inside the gas chamber Sg
becomes compressed due to the entry of the rod 3 into
the cylinder 2, and the descent of the free piston 6
reduces the volume of the gas chamber Sg by an
amount equivalent to the rod entry volume.

On the other hand, during the extension stroke,
when the rod 3 and the piston 4 attached to it rise within
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the cylinder 2, if the piston speed V is low, then the
extension-side valve 17 is closed, and during the initial
phase of the stroke, the oil inside the upper chamber S1
passes through the orifice 18 into the lower chamber
82. The attenuating forces generated at this time effec-
tively absorb the shock from the slight irregularities in
the road surface. At this time, the attenuating force F
that is generated increases with the piston speed V in
the manner shown by the line A4, in Figure 4.

When the piston speed V increases, the pressure of
the oil inside the upper chamber S1 increases further,
causing the oil to push open the outside circumferential
area (the a area shown in Figure 3) of the large diame-
ter valve plates 17a, 17b and flow into the lower cham-
ber S2. In this case, oil is also flowing through the orifice
18, and, as shown in Figure 4, there is a short stroke
range for the valve speed V up to the value V; for the
piston speed, wherein only the outer circumferential
areas of the valve plates 17a, 17b (the a area of Figure
3) are opened; the attenuating force F generated in that
range increases with the piston speed V relatively rap-
idly as shown by the line A;, of Figure 4.

After that, when the piston speed V reaches the set
value V, the extension-side valve 17 opens completely
to allow a large amount of oil to flow from the upper
chamber S1 through the oil hole 15 into the lower cham-
ber S2. The attenuating force at that time increases
slowly in response to increases in the piston speed V as
shown by the line As in Figure 5. During this extension
stroke, the retraction of the rod 3 from the cylinder 2
causes the gas inside the gas chamber Sg to expand,
which in turn causes the free piston 6 to rise and
increase the volume of the gas chamber Sg by an
amount equivalent to the retraction of the rod 3.

In the present embodiment, the outside circumfer-
ential surface of the ring-shaped shim 19, when viewed
in the axial direction of the piston, lies inside an circum-
circle around the oil hole 15, which makes it possible to
bend the valve plates 17¢, 17d to impart the desired set
load applied to the large diameter valve plates 17a, 17b
of the extension-side valve 17, thereby making it possi-
ble to adjust the desired attenuation force characteris-
tics at the bend point P where the attenuation force
changes (at the piston speed V,; where the extension-
side valve 17 begins opening) and to vary the rate of
change in the attenuation force F (in Figure 4, the
slopes 04, 05 of the graph curves A4, Ao, respectively).

Further, the present embodiment retains the ring-
shaped shim 19 on the outside circumference of a valve
plate 17e which is thinner than the shim 19, thereby
making it possible to accurately position said ring-
shaped shim concentrically with respect to the other
valve plates 17a - 17d. ltis further possible to adjust the
attenuating force as desired by varying the thickness of
the valve plate 17e that holds said ring-shaped shim 19.

The foregoing explanation described the ring-
shaped shim being mounted on the extension-side
valve 17, but it is of course possible to mount the ring-
shaped shim on the compression-side valve 16.
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As is apparent from the foregoing explanation, due
to the present invention's creation of hydraulic shock
absorbers having a structure wherein: a plurality of oil
holes are bored in a piston that is slidably inserted into
the cylinder; compression-side or extension-side valves
consisting of a stack of a plurality of valve plates, open
and close said oil holes; and a ring-shaped shim is dis-
posed between adjacent valve plates on at least one of
the valves; wherein the structure is such that when
viewed from the axial direction of the piston, the outside
circumferential surface of the foregoing ring-shaped
shim is positioned inside a circle circumscribed around
the oil holes in said piston, it is possible to adjust the
amount of bending deformation applied to the valve as
desired to adjust the preset load on the valve, thereby
making it possible to vary the rate of change of the
attenuation force at the point in the attenuation force
curve where there is a rapid change.

Claims

1. Hydraulic shock absorber composed of a piston (4)
which is slidably installed inside a cylinder, said pis-
ton (4) having a plurality of oil holes (14,15), a valve
means (17) on the compression-side and a valve
means (16) on the extension-side at least one
thereof including a valve plate (17a), wherein a
valve plate urging means is provided urging said
valve plate (17a) towards a closing position, said
urging means being construed so as to apply an
urging force acting on said valve plate (17a) inside
an imaginary circumcircle around said oil holes
(15).

2. Hydraulic shock absorber according to claim 1,
wherein at least one of said valve means (16,17) is
constituted by a stack of valve plates
(16a..16d,17a..17d) that opens and closes said
holes (14,15).

3. Hydraulic shock absorber according to claim 1 or 2,
wherein said urging means are constituted by a
ring-shaped shim (19) which, when viewed from an
axial direction of said piston (4) being positioned
inside said imaginary circumcircle around said oil
holes (15).

4. Hydraulic shock absorber according to claim 3,
wherein said ring-shaped shim (19) is disposed
between adjacent valve plates (17b,17¢) of at least
one of said valve means (16,17).

5. Hydraulic shock absorber according to claim 3 or 4,
wherein said ring-shaped shim (19) being fitted to
and retained by the outer circumference of a thinner
valve plate (17¢).

6. Hydraulic shock absorber according to at least one
of claims 1 to 5, wherein at least one stack of said
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valve means (16,17) includes two or more valve
plates (17a,17b) extending over said imaginary cir-
cumcircle around the oil holes (15).

Hydraulic shock absorber according to at least one
of claims 1 to 6, wherein said ring-shaped shim (19)
is disposed between a valve plate (17¢) having an
outer diameter smaller than said imaginary circum-
circle around the oil holes (15) and a valve plate
(17b) having an outer diameter equal to or larger
than said imaginary circumcircle around the holes
(15).

Hydraulic shock absorber according to at least one
of claims 1 to 7, wherein said ring-shaped shim (19)
has an outer diameter equal to or less than the
diameter of an imaginary circumcircle extending
substantially through the center lines of the oil holes
(15).

Hydraulic shock absorber according to at least one
of claims 1 to 8, wherein said stack of valve plates
includes a first valve plate (17a) and a second valve
plate (17b) both having an outer diameter equal to
or larger than the outer diameter of said imaginary
circumcircle around said oil holes (15), a third valve
plate (17¢) and a fourth valve plate (17d) both hav-
ing an outer diameter smaller than said imaginary
circumcircle around the oil holes (15), said ring-
shaped shim (19) being provided between said sec-
ond valve plate (17b) and one of said third or fourth
valve plates (17c, 17d).

Hydraulic shock absorber according to claim 9,
wherein said fourth valve plate (17d) has a diame-
ter smaller than the outer diameter of said third
valve plate (17c).

Hydraulic shock absorber according to at least one
of claims 1 to 10, wherein said fourth valve plate
(17d) has an outer diameter corresponding sub-
stantially to the diameter of an imaginary inscribed
circle defined by said holes (15).

Hydraulic shock absorber according to at least one
of claims 1 to 11, wherein said fourth valve plate
(17d) has an axial thickness equal to or greater
than the axial thickness of said third valve plate
(17¢).

Hydraulic shock absorber according to at least one
of claims 1 to 12, wherein a radius difference
between said third valve plate (17¢) and said fourth
valve plate (17d) is smaller than a radius difference
(a) between said third valve plate (17¢) and said
first valve plate (17a).
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